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Abstract 
In this paper, an attempt is made to characterize the preservation technology for deteriorating items to reduce the deterioration 
rate. This model formulates an inventory model for deteriorating items, where demand depends on selling price and credit period 
offered by the retailer to the customers. Here, supplier allows a fixed credit period to the retailer to settle the account and retailer 
offers some trade credit to his customers. The concept of credit-linked demand develops a new inventory model under two levels 
of trade credit policy. A solution procedure is presented to determine an optimal replenishment cycle and total cost per unit time. 
Results have been validated with relevant example. In a way, the proposed model provides a unique theory to reduce the 
deterioration rate under two levels of trade credit policy. With the help of sensitivity analysis, impact of various parameters on 
the cycle length and total cost has been discussed. 
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1. Introduction 
In most of the inventory models in the literature, the rate of deterioration of goods is viewed as an exogenous 
variable, which is not subjected to control.  Deteriorating inventory had been studied in the past decades and authors 
usually focused on constant or variable deterioration rate. Investing on preservation technology (PT) for reducing  
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deterioration rate has received little attention in the past years. The consideration of PT is important due to rapid 
social changes and the fact that PT can reduce the deterioration rate significantly. Moreover, sales, inventory and  
order quantities are very sensitive to the rate of deterioration, especially for fast deteriorating products for example, 
fruits, flowers and sea foods. The higher rate of deterioration would result in a higher total annual relevant cost and a 
lower demand rate (Yang and Wee [1]; Johnny et al. [2]). Ouyang et al. [3] found that if the retailer can reduce 
effectively the deteriorating rate of items by improving the storage facility, the total annual relevant inventory cost 
will be reduced. Many enterprises invest on equipments to reduce the deterioration rate and extend the product 
expiration date. Hsu et al. [4] presented a model using preservation technology. Huang et al. [5] discussed the 
comments on preservation technology investment for deteriorating inventory. Dye and Hsieh [6] developed an 
optimal replenishment policy for deteriorating items with effective investment in preservation technology. Dye [7] 
discussed the effect of preservation technology investment on a non- instantaneous deteriorating inventory model. 
Hsieh and Dye [8] presented a production inventory model incorporating the effect of preservation technology 
investment when demand is fluctuating with time. He and Huang [9] discussed a model on optimizing inventory and 
pricing policy for seasonal deteriorating products with preservation technology investment. 
2. During past few years, many articles dealing with a range of inventory models under one-echelon trade credit 
have appeared in various journals. Goyal [10] established a single-item inventory model under permissible delay in 
payments when selling price equals the purchase cost. Further, Chung [11] developed an alternative approach to 
determine the economic order quantity under permissible delay in payment. Ouyang et al. [12] analyzed an optimal 
inventory policy with non instantaneous receipt under trade credit. Singh and Jain [13] discussed on reverse money 
for an EOQ model in an inflationary environment under supplier credits. Singh and Singh [14] explained an 
integrated supply chain model for perishable items with trade credit policy under imprecise environment. In all the 
above mentioned papers, it is assumed that the supplier offers credit period to the retailer but the retailer does not 
provide it to its downstream supply chain member. In practice, this assumption is quite unrealistic. Huang [15] 
presented an inventory model assuming that the retailer also offers credit period to his/her customers. This is termed 
as two-echelon trade credit financing. Moreover, in all the above articles, although the presence of credit period has 
been discussed but the impact of two level credit period on the optimal policy is ignored. In order to incorporate the 
above phenomena’s a new inventory model has been formulated to determine the retailer’s optimal credit as well as 
replenishment policy when both the supplier as well as the retailer offers the credit period to stimulate customer 
demand. 
Generally demand rate is taken as variable. Baker and Urban [16] explained a deterministic inventory system with 
an inventory level-dependent demand rate. Kim et al. [17] discussed an optimal credit policy to increase supplier’s 
profits with price dependent demand functions. Teng and Chang [18] discussed an economic production quantity 
models for deteriorating items with price and stock-dependent demand. Jaggi et al. [19] incorporated the concept of 
credit-linked demand for the retailer and developed an inventory model under two levels of trade credit policy to 
determine the optimal credit as well as replenishment policy jointly. Kumar and Singh [20] explained a two 
warehouse inventory model with stock dependent demand for deteriorating items with shortages. Singh et al. [21] 
described a soft computing based inventory model with deterioration and price dependent demand. Singh et al. [22] 
explained three stage supply chain model with two warehouse, imperfect production, variable demand rate and 
inflation. Singh et al. [23] discussed an EOQ model with volume agility, stock dependent demand rate, Weibull 
deterioration rate and inflation. All the above researchers discussed the effect of stock dependent demand rate, time 
dependent demand rate and price dependent demand rate. In reality, it is observed that demand of an item does 
depend upon the length of the credit period offered by the retailer. But very few of them discussed the concept of 
demand depend on credit period and selling price. Therefore in this paper an attempt is made to discuss the concept 
of demand depend on credit period and selling price both. Also result is discussed for demand depend on credit 
period only and on both. 
Thus, the significance of this study is to develop an inventory model incorporating the above-mentioned real life 
situations that will help the retailers to survive in the market. In this study, demand depends on selling price and 
credit period. The effect of preservation technology is used to reduce the deterioration rate. Numerical example has 
been used to illustrate the results given in this paper. Sensitivity analyses are carried out with respect to the different 
parameters of the system.  
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3. Assumptions and Nomenclature 
In developing the mathematical model of the inventory system for this study, the following common assumptions 
and notations were used.  
3.1. Assumptions  
 The supplier provides a fixed credit period M to settle the accounts to the retailer and retailer also offers a 
credit period N to his customers to settle the account. 
 The demand rate is a function of the customer’s credit period offered by the retailer (N) and selling price 
(p). Therefore D = S - (S-s)(1-r)N+ α p-β 
 The reduction of the deterioration rate, m(ζ), is assumed to be strictly increasing in the level of investment 
in preservation technology ζ such that m(ζ) = k (1- e-aζ ) , a ≥ 0 , where a is the simulation coefficient 
representing the percentage increase in m(ζ) per dollar increase in ζ , k is the original deterioration rate, k > 
0 and ζ is the Preservation technology cost for reducing the deterioration rate in order to preserve the 
products, ζ ≥ 0. 
 Shortages are not allowed. 
 Lead time is negligible. 
 Replenishment rate is instantaneous. 
3.2. Nomenclature 
D  demand function  
S maximum demand 
s initial demand 
r rate of saturation of demand (which can be estimated using the past data)  
α scale parameter, α > 0 
β price elasticity, β > 0 
p selling price 
T  is the length of the inventory cycle. 
Q  is the order quantity. 
A  is the ordering cost per order. 
c  is the unit purchasing cost. 
p  is the unit selling price. 
Ie  is the interest earned per $ per unit time. 
Ip  is the interest payable per $ per unit time.  
M  is the retailer’s credit period offered by the supplier for settling the account. 
N  is the customer’s credit period offered by the retailer for settling the account. 
h  is the unit  holding cost per order. 
k  is the original deterioration rate. 
ζ is the preservation technology cost. 
TC(T,N) is the retailer’s total cost per unit time. 
 
4. Mathematical Formulation and Solution 
The inventory level; I(t) depletes to meet the demand and deterioration. Because preservation technology cost is ζ, 
the corresponding deterioration rate is k-m (ζ), where m(ζ) = k(1-e-a ζ). Applying this, the variation of inventory with 
respect to time t can be described by the following differential equation:  
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The total relevant cost involves the following factors. 
Holding cost per unit time is given by 
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Purchasing cost per unit time is given by 
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Ordering cost per unit time is given by                 
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Preservation Technology cost per unit time is given by 
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T
                                   (6) 
Hence the total relevant inventory cost per unit time is given by     
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The computation for interest earned and interest payable will depend on the following three cases based on the 
length of T, N and M: 
4.1. When N ≤ M ≤ T+N 
In this case, the retailer starts getting sales revenues from time N to M and earns interest on the average sales 
revenue for the time period (M - N). At time M accounts are settled and the finances are to be arranged to make 
the payment to the supplier. In this case revenue of the retailer is shown by Fig. 1. 
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Fig. 1.  when N ≤ M ≤ T+N 
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Retailer’s total cost TC1 (T, N) per unit time can be express as 
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       4.2. When N ≤ T+N ≤ M 
In this case, the retailer earns interest on average sales revenues received during the period (N, T+N) and on full 
sales revenue for a period of (M-(T+N)) but no interest payable is payable by the retailer. In this case revenue of 
the retailer is shown by Fig. 2. 
 
Fig. 2.  when N ≤ T+N ≤ M 
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Retailer’s total cost TC2 (T, N) per unit time can be express as 
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2 2( , )T C T N H C IC S C P C IE           (12) 
       4.3. When M ≤ N ≤ T+N 
In this case, the retailer earns no interest but pays interest on full order quantity for a period of (N-M) and on 
average stock held during the cycle T. In this case revenue of the retailer is shown by Fig. 3. 
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Retailer’s total cost TC3 (T, N) per unit time can be express as 
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Therefore the retailer’s total cost per unit time TC (T, N) is given by 
 
 
Fig. 3. When M ≤ N ≤ T+N 
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5. Search procedure for optimal solution 
The total cost function obtained in equations (10), (12) and (14) is convex in N and T. The values of N and T which 
minimize TC (T, N) can be obtained by simultaneously solving  ( , ) / 0TC T N T    and 
( , ) / 0TC T N N    within the stated ranges. We can obtain the optimal value of the T, N and total cost with the 
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help of Mathematica 8.0 software. 
6. Numerical example and sensitivity analysis 
To illustrate all the results obtained in the present study, following numerical example have been solved by the 
proposed method. 
Let  S =300 units/ month, s = 10 units/month, r = 0.26, h=$5/unit,  p =$ 5.5/ unit, c = $20/ unit, Ie =0.12, Ip = 0.11, ζ 
= $300, A = 2000/order, k = 0.02, a = .0001, M = 3 month, α = 11,   β = 0.03 
The optimal values are T = 3.80475 month, N = 0.108685 month and TC =$1287.55l 
In order to study how the parameters affect the optimal solution, the sensitivity analysis is carried out with various 
parameters. The results of the sensitivity analysis are presented in Table1 - 6. 
Table 1.  Sensitivity analysis of parameter  ‘ζ’ on decision policy 
Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
ζ ($) 100 3.68269 0.103047 1238.82 
200 3.7443 0.105926 1263.43 
300 3.80475* 0.108685* 1287.55* 
400 3.86414 0.111322 1311.19 
500 3.92254 0.11387 1334.38 
 
         Table 2.  Sensitivity analysis of parameter ‘M’ on decision policy 
Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
M (month) 
 
3.05 3.8111 0.108854 1286.09 
3.10 3.81746 0.10903 1284.67 
3.15 3.82384 0.109214 1283.27 
3.20 3.83022 0.109405 1281.91 
3.25 3.83662 0.109603 1280.58 
         
           Table 3.  Sensitivity analysis of parameter  ‘r’ on decision policy 
Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
r 
 
0.14 4.63663 0.0725209 1183.44 
0.17 4.36152 0.0890458 1206.57 
0.20 4.14218 0.0989171 1232.33 
0.23 3.96019 0.104974 1259.51 
0.26 3.80475* 0.108685* 1287.55* 
 
            Table 4.  Sensitivity analysis of parameter  ‘k’ on decision policy 
 Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
k 
 
0.02 3.8047* 0.108685* 1287.55* 
0.04 3.04595 0.218409 1509.2 
0.06 2.65561 0.307138 1699.26 
0.08 2.39857 0.383862 1868.81 
0.10 2.20969 0.452269 2024.11 
 
 
          Table 5.  Sensitivity analysis of parameter ‘a’ on decision policy 
Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
a 
 
0.0001 3.8047* 0.108685* 1287.55* 
0.001 4.13979 0.0771159 1229.90 
0.002 4.54560 0.0478135 1182.34 
0.003 4.99479 0.0236708 1138.23 
0.004 5.49826 0.0038783 1136.51 
 
          Table 6.  Sensitivity analysis of special cases on decision policy 
Parameter       Change in parameter T (month) N (month) TC (T, N) ( $) 
Demand depend on credit 
period only 
α =0 3.83852 0.170947 1067.94 
Model without PT ζ  = 0  3.62619 0.100347 1213.68 
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Following observations are based on sensitivity analysis:- 
 Table 1 shows that as PT cost increases, total cycle time increases (Fig. 4.) 
 From Table 2 it is observed that as M increases, there is an increment in the cycle length and credit 
period offered by the retailer but total cost decreases. 
 Impact of rate of saturation of demand (r) can be analyzed with the help of Table 3. 
 From Table 4, it is observed that as deterioration rate increases, the retailer’s total cost increases. 
 Table 5 shows that the impact of parameter (a) of simulation coefficient with different values and it is 
observed that as ‘a’ increases, the retailer’s total cost decreases. 
 If the model is discussed without PT, it is observed that total cycle length and total cost is less as 
compared to the model with PT, but with the help of PT we can reduce the deterioration rate.  
 If demand is only depended on credit period, the total cost is less as compared with demand which 
depends on both credit period and selling price. 
 
 
 
             
I(0) 
    
 
 
     
Inventory level with PT 
      
  
 
 
          Inventory         
                   level without PT 
                                                   
       
       0           T 
Fig. 4.   The graphic representation of inventory level with Preservation Technology (PT) 
6. Conclusion 
The products with high deterioration rate are always crucible to the retailer’s business. However, the tradeoff 
between the increased cost due to investment on improving deterioration rate and the decreased total cost due to 
decreased deterioration rate is complex. In this chapter, an inventory model for deteriorating items to determine the 
optimal credit period and cycle time of a retailer under two levels of trade credit has been developed which is not 
discussed in the above literature. This study highlights the concept of preservation technology when demand 
depends on credit period and selling price. Numerical example is presented to illustrate the theoretical results. From 
sensitivity analysis it is observed that the changes occur in the cycle length, credit period and total cost with the 
different parameters. We can thus conclude that with the help of PT, there is a reduction in the deterioration rate of 
the inventory and inventory goes up to a long time period. Finally, the proposed model can be extended in several 
ways. For example, we could extend the deterministic model with fuzzy parameters and with the concept of quantity 
discount. 
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